A new drug-sensing paradigm based on ion-current rectification in a conically shaped nanopore.
To utilize the ion-current rectification phenomenon observed for conically shaped nanopores as the basis for designing sensors for drug molecules that adsorb to the walls of the nanopore. The conically shaped nanopore was prepared by the well-known track-etch method in a polyimide (Kapton) membrane. The ion current flowing through the nanopore was measured as a function of applied transmembrane potential in the presence of the analyte drug molecule, Hoechst 33258. The pore walls in the Kapton membrane are hydrophobic yet have fixed carboxylate groups that give the walls a net negative charge. This fixed anionic surface charge causes the nanopore to rectify the ion current flowing through it. The analyte drug molecule, Hoechst 33258, is cationic yet also hydrophobic. When the membrane is exposed to this molecule, it adsorbs to the pore walls and neutralizes the anionic surface charge, thus lowering the extent of ion-current rectification. The change in rectification is proportional to the concentration of the drug. This nanopore sensor is selective for hydrophobic cations relative to anions, neutral molecules and less hydrophobic cations. Future work will explore ways of augmenting this hydrophobic effect-based selectivity so that more highly selective sensors can be obtained.